B
aroreflex sensitivity and heart rate variability have been previously shown to be of prognostic value in patients with cardiovascular disease and in stroke. [1] [2] [3] The baroreceptor reflex physiologically compensates spontaneous fluctuations in blood pressure. Baroreceptors are activated by changes in blood pressure; by adjusting the heart rate (vagal) and peripheral vascular tone (sympathetic), the baroreflex prevents wide differences in blood pressure from occurring. Baroreceptors are located in the region of carotid bifurcation and aortic arch, which are the most common sites for atherosclerotic lesions. Atherosclerosis may affect baroreceptor reflex-sensing by reducing wall distensibility. 4 Studies in animals showed that atherosclerotic changes at the site of baroreceptors are associated with decreased baroreflex sensitivity. 5 Analogously, the effects of carotid atherosclerosis on baroreflex sensitivity have been reported in humans as well. 6 -8 However, the baroreflex also seems to be influenced by lesions affecting central processing, particularly in hemispheric or brainstem stroke. 9, 10 Because stroke is directly or indirectly associated with atherosclerosis in the majority of cases, the question of vascular versus cerebral contribution in stroke-related baroreflex changes arises. 11 The insular cortex seems to play a central role in modulating baroreflex sensitivity. [12] [13] [14] Hemispheric lateralization of baroreflex control has also been suggested. Henderson et al studied functional MR changes to baroreceptor activation in cats and found the right insula to be involved in baroreflexmediated blood pressure regulation. 15 Likewise, Zhang et al found that significantly more cells responded to blood pressure changes in the right insula than in the left. 16 Conversely, Hilz et al showed that baroreflex sensitivity (BRS) was decreased after inactivating the left hemisphere by administering intracarotid amobarbital in 15 patients with drug-resistant epilepsy. 17 Lateralization of autonomic functions has also been reported in patients with acute stroke, but the data remain contradictory. 18 -20 The aims of this study were thus (1) to evaluate BRS in patients with acute stroke with regard to carotid atherosclerosis; and (2) to explore the impact of insular involvement and laterality of the lesion on BRS.
Materials and Methods
Ninety-six consecutive patients admitted to our intensive care unit or stroke unit with acute ischemic stroke (IS) or intracerebral hemorrhage (ICH) within 72 hours after onset of symptoms were included in an open, prospective study. Patients with brainstem stroke, subarachnoid hemorrhage, or subarachnoid extension of ICH were excluded. We also excluded patients with a history of stroke, atrial fibrillation, myocardial infarction, diabetes mellitus, chronic renal failure, or other medical conditions known to affect autonomic functions. All patients included in the study were free of antihypertensive therapy or any cardiovascular active treatment at the time of the measurement. Those patients requiring continuation of antihypertensive therapy or any cardiovascular active treatment were excluded. Patients who had been withdrawn from antihypertensive therapy for at least 24 hours due to noncompliance or because no antihypertensive drugs were needed after stroke were included. The type of previous medication was noted. Forty-one control subjects matched for age, sex, history of hypertension, antihypertensive treatment, and atherosclerosis of carotids were enrolled from elective ophthalmologic surgery admissions. Subjects with a history of stroke or any other neurological disease, atrial fibrillation, history of myocardial infarction, diabetes mellitus, chronic renal failure, or other medical conditions known to affect autonomic functions or those presently requiring antihypertensive therapy or any cardiovascular active treatment were excluded. If patients had received antihypertensive drugs previously, they had to have been withdrawn for at least 24 hours before measurement and the type of medication was noted.
The diagnosis of IS or ICH was confirmed by CT or MRI. At admission, patients were scored according to the National Institute of Heath Stroke Scale and modified Rankin Scale. The volume of stroke was calculated from the first CT or MRI scan using the aϫbϫcϫ0.5 method, in which a and bϭlarger perpendicular diameters of the zone of hypointensity (IS) or hyperintesity (ICH) and cϭnumber of sections where the lesion is present multiplied by the diameter of the sections. 21 This technique has been repeatedly validated and proved to be comparable to computer-assisted volumetric analysis. 22 Insular involvement and the side of the lesion were noted.
Blood pressure for BRS assessment was measured noninvasively using the Finometer device (FMS; Finapres Medical Systems BV, Amsterdam, The Netherlands). This device uses a volume clamp method to capture beat-to-beat (continuous) values of blood pressure and pulse rate in the finger artery. A cuff of appropriate size was attached to the middle finger of the nonhemiparetic hand of patients or of the nondominant hand of control subjects in the supine position and the hand was maintained at the heart level. Continuous blood pressure and pulse rate were recorded by using the Finometer device within 72 hours after onset, once, for a period of 10 minutes. Baroreflex sensitivity was calculated as previously described. 23 This method calculates the crosscorrelation between a 10-second systolic blood pressure series and a 10-second interbeat interval series delayed by 0 to 5 seconds. The delay giving the highest correlation is selected if significant at a preset level (Pϭ0.01). Then the regression slope is recorded as one BRS value. Subsequently, the process is repeated for series of systolic blood pressure and interbeat interval samples 1 second later. BRS gain values were expressed in ms/mm Hg. An ultrasound examination of the carotid arteries was conducted in all subjects. Duplex ultrasonographic examination of the carotid arteries was performed with the Aspen Ultrasound System (Acuson, Mountain View, Calif). An atherosclerotic lesion was defined as localized intima media thickness Ͼ1 mm with a Ͼ100% increase in thickness compared with adjacent wall segments. 24 Uni-or bilaterality of the lesions in the carotid bulb was recorded. A clinical neurological examination was conducted in all subjects in the control group to exclude any possible neurological disorders. The local ethics committee approved the study. All patients or their relatives and all control subjects gave written informed consent.
Statistics
Distribution of the data was tested using histograms and a onesample Kolmogorov-Smirnov test. For normally distributed data, the results are presented as mean, range, and SD, and for nonnormally distributed data as median, range, and interquartile range. For comparison between the groups, the 2 
Results
From October 2006 to December 2007, approximately 780 patients with acute stroke were screened for the study. Ninety-six patients with acute stroke and 41 control subjects were included. The characteristics and ultrasound findings did not differ significantly between the 2 groups (Tables 1  and 2 ). Clinical characteristics of the stroke group are shown in Table 3 (Table 4) . There was no difference in BRS between patients with or without carotid atherosclerosis (3.25 versus 3.5, Pϭ0.85) and between patients with unilateral, bilateral, and no carotid atherosclerosis (unilateral, 4.6; bilateral, 3.3; no atherosclerosis, 3.25; Pϭ0.37). In the control group, the subjects with atherosclerosis had lower BRS values than subjects without; however, the difference was not significant (4.9 versus 5.4; Pϭ0.17). In the control group, a nonsignificant correlation trend was found between age and BRS (rϭϪ0.3, Pϭ0.058) and history of hypertension and BRS (rϭϪ0.3, Pϭ0.052).
In the univariate analysis, the BRS values in the acute stroke group were significantly associated with the stroke volume and insular involvement (Table 4 ). These effects also remained significant after adjusting the analysis for carotid atherosclerosis. When the effects of stroke volume and insular involvement on BRS were examined by using a stepwise linear regression model, insular involvement was 
Discussion
The etiology of impaired cardiac BRS in acute stroke is still unresolved. In our study, we found no association between atherosclerosis of the carotids and decreased BRS in patients with acute stroke. Certainly, atherosclerosis of the carotid bulbus, an area with a high density of baroreceptors, modifies BRS. As previously shown by Gianaros et al, intima media thickness Ͼ0.9 mm in the carotid bulb was associated with reduced BRS. 6 Uni-or bilaterality of the atherosclerotic lesions may also play a role. Nasr et al found a BRS impairment in bilateral, but not in unilateral, carotid atherosclerosis. 7 Therefore, we studied a control group with a comparable carotid atherosclerosis profile, also including the uni-or bilaterality of the lesions. The 2 groups were also similar regarding other possible confounding factors, including age, hypertension, current blood pressure, and previous antihypertensive medication. We showed decreased baroreflex function in the stroke group as compared with control subjects, which we thus attribute to lesions affecting central processing. This is a new finding because previous studies demonstrating BRS impairment in acute stroke have not considered the possible effects of carotid atherosclerosis. 10 Interestingly, the study by Eveson et al showed that a reduction in BRS was not related to stroke when adjusted for aortic stiffness. 25 The aortic arch represents another area with a high density of baroreceptors, and atherosclerotic lesions at 
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this site may limit BRS. Aortic stiffness has been shown to be strongly associated with carotid atherosclerosis. 26, 27 Eveson et al conclude that pre-existent aortic stiffness accounts for reduced BRS in patients with acute stroke. However, in that study including 31 patients with stroke, the exact stroke localization was not considered in the analysis; in particular, the issue of insular involvement was not addressed. When analyzing the influence of various factors on BRS in our study, only volume of the stroke and insular involvement were significantly associated with the BRS gain values. After adjusting for insular involvement in the linear regression analysis, the effects of stroke volume on BRS were no longer significant. A possible explanation for the dependence of these effects might be the higher frequency of insular lesions with greater stroke volumes.
It has been shown previously that age, hypertension, and antihypertensive therapy may influence BRS. 28, 29 Therefore, every effort was made to minimize these effects by creating a comparable control group, including only patients without previous treatment (70.8%) or after the drug had been withdrawn at least 24 hours previously and by testing for possible confounding effects in the analysis. In our cohort, we found no association between BRS and age, hypertension, or previous antihypertensive treatment. Despite the mentioned measures, the effects of previous antihypertensive therapy on BRS may not be ruled out completely. However, we found no statistical significant influence when tested for this. Effects of age and hypertension on BRS, albeit not significant, were seen in the control group. We hypothesize that these effects were present also in the stroke group but were presumably outweighed by stroke-related changes in BRS.
The mean age in the stroke group was 58.4 years. The mean age in the patients with IS and those with ICH did not differ significantly (57.32 versus 59.33, Pϭ0.52). The lower mean age may have resulted in overrepresentation of patients with less severe atherosclerosis. Nevertheless, the degree of atherosclerosis has not been shown to influence BRS. 7, 8 Insular cortex has been implicated in the control of cardiac baroreflex. We found no difference in BRS between patients with stroke with no insular involvement and control subjects matched for age, sex, hypertension, actual blood pressure, previous medications, and carotid atherosclerosis. Moreover, BRS was significantly lower in patients with left or right insular involvement than in patients without insular involvement and in control subjects. These findings suggest that both insulae play a role in supramedullary baroreflex regulation. In previous studies, both the left and right insula have been suggested to participate in the highly complex process of modulating BRS. 12, 13, 16, 30 Furthermore, baroreflex-related neuronal interconnections have been observed between the right and left insula, suggesting that the 2 insulae may interact in integrating circulatory control information. 31 Moreover, in our series, left insular lesions decreased BRS significantly more than did right insular lesions. This observation is in agreement with the findings of Hilz et al, who showed a decrease in BRS in conjunction with left-sided hemispheric inactivation in patients with epilepsy. 17 Because BRS assessment in our study mainly addressed the parasympathetic component of the baroreflex, our findings may also be seen as consistent with those of Zamrini et al, who showed right-sided dominance of sympathetic and left-sided dominance of parasympathetic modulation of heart rate and blood pressure during intracarotid amobarbital infusions in patients who had undergone epileptic surgery. Analogously, Oppenheimer et al demonstrated the same effects by direct stimulation of the insulae intraoperatively in patients with complex partial seizures. 32 In line with these observations, acute left insular strokes were shown to augment sympathetic and decrease parasympathetic cardiac tone. 33 Left insular strokes were also associated with adverse cardiac outcome due to the proposed shift with increased sympathetic tone and decreased parasympathetic tone. 19 On the other hand, some studies in patients with IS found a reduction in parasympathetic and an increase in sympathetic heart rate modulation in right-sided strokes, contributing to the right-left controversy in central autonomic control. 10, 34 Interestingly, lesioning of the left insula increased BRS in rats. 12 The discrepancy of our results with the latter may relate to species differences as well as to the effects of general anesthesia used in the rat experiment. 35 Of clinical importance, impaired BRS has been shown to independently predict mortality after myocardial infarction and was associated with poor prognosis of chronic heart failure. 1, 2 Similarly, decreased BRS has been related to less favorable long-term outcome after acute IS. 3 Autonomic derangement seems to persist after stroke and may increase the risk of all-cause and cardiovascular mortality. 36, 37 However, investigating the effects of impaired BRS on outcome was beyond the scope of this study.
In summary, we observed baroreflex impairment in acute stroke independently of carotid atherosclerosis, adding more evidence to the concept of cerebrocentricity in stroke-related baroreflex changes. Moreover, the central role of the insula in baroreflex regulation could be demonstrated. Both insulae seem to participate in baroreceptor information processing in a complex manner, with the left insula being more dominant in baroreflex control presumably through parasympathetic outflow modulation.
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Figure.
Median BRS values for patients with right, left, and no insular involvement and control subjects.
